In the large majority of stereogenic entities, the involved atoms occupy the vertices of a convex polyhedron or polygon. [7, X] is beyond th e scope of this article). We shall see how the corresponding 2-maps allow both to distinguish t from t' and to determine their enantiomorphism relationship.
The computer generation of our stereochemical representation starts from the set of (more 97 or less precise) Sdimensional coordinates of the atoms forming a stereogenic entity. For example, the coordinates can be computed from a structural formula using standard bond lengths and angles. First, we compute the convex hull [9] of this set of points in order to obtain the corresponding polyhedron. Second, we generate the combinatorial map representing the relative spatial arrangement of the vertices of this polyhedron.
How to obtain a 2-mapfiom apolyhedron (and vice versa)
The second step can be informally described as follows (e.g., the transition from the tetrahedron t infigure 1 to the corresponding 2-map m in figure 2 ).
In order to represent the relative spatial arrangement of the vertices of a polyhedron, it is necessary to impose an orientation on its faces. We adopt the convention to view each face along an axis which is perpendicular to that face and directed from the exterior to the interior of the polyhedron. Traversing the boundary of the face in clockwise direction (when viewed along the axis) yields a circular sequence of vertices defining the orientation of that face. For example, the circular sequence (a, 6, C) defines the orientation of the 'front face' of the tetrahedron t.
We cut the polyhedron along its edges, thus obtaining the set of its oriented faces. In the case of the tetrahedron t we obtain {(a, L, c), (a, c, d) , (a, d, 6) , (6, d, c) }. ECach edge is thereby split up into two akra. A dart can be thought of as a 'directed half-edge' whose starting point (symbolized by a disc) and end point (symbolized by an arrowhead) coincide with polyhdedron vertices. A dart is identified by a natural number and labeled with the polyhedron vertex at its start point. For example, vertex c is the label of dart 0 in m.
The oriented polyhedron faces are represented by a permutation 0, on the set of darts. This permutation is symbolized by the circular dart sequences, where the end point of a dart x touches the start point of a dart y if and only if p1 maps x onto y. We note a mapping p: X + 1 as a subset of the Cartesian product XX Y In VZ,
(4, 5), (5, 3), (6 7) , (7, 8) , (8, 6) , (9, lo)> (110, .11), (11, 9)) induces the four circular dart sequences (0, 1, 2), (3, 4, 5), (6, 7, 8) , and (9, 10, 11) as well as the corresponding circular label sequences (c, a, b) , (a, c, d), (6, a, d) , and (c, LJ, d), thus representing the oriented faces oft.
The oriented faces are held together by an involution p2 on the set of darts (symbolized by thick dashed lines infigzlrf i?). An involution is a permutatlon that IS ldentlcal with llts inverse. Two darts that are connected via p, tort-espond to a polyhedron edge. In m, pZ = {(0,3), (1, G), (2, 91, (3, O) , (4, 111, (5, 7), (6, I), (7, 5) > (8, lo), (9, 2), (IO, 8) , (11, 4)} maps, e.g., dart 0 onto dart 3 and vice versa. Thus, the dart st't {0, 3} corresponds to the polyhedron edge ac.
The inverse process of (re)constructing a polyhedron from a 2-map may be iinformally described as follows. The involution /3? (thick dashed lines) might b e viewed as a set of flexible connections between the oriented faces (circular dart sequences) of the Z-map. The latter are embedded into R" by shrinking these connec- 
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tions such that the starting point of each dart coincides with the end point of its image under p2 and that the circular dart sequences are oriented clockwise, when viewed from the exterior of the resulting convex polyhedron. Thus, if we embed the oriented face (0, 1, 2) of the %-map m in the paper plane as drawn in Jigure 2, the remaining faces must be folded into the half space below the paper plane in order to give the tetrahedron t. Dejhition: 2-dimensional map (2- 
Comparingpolyhedra via their corresponding hnaps
Let VP and VQ be the vertex sets of two polyhedra P and Q and let RV c (VP u If& x (V,u VQ) be an equivalence relation. By default, R, is the identity relation {(v, V) ( z, E V,, u V,}, i.e., the vertices of the polyhedra are distinguishable from each other. The equivalence relation may be redefined, e.g., considering vertices as equivalent if the corresponding atoms belong to the same chemical element.
Let the 2-maps M, and M represent P and Q, respectively. Because each 8 art of the corresponding dart sets D, and DQ is labeled with a polyhedron vertex from VI, and VQ, respectively, R, is the natural equivalence relation on the union of the sets of dart labels.
We consider P and Q as equal if M,, and MQ are isomorphic, i.e., if there exists a bijection from D, to Dq which respects the adjacency of darts (as defined by the permutations p1 and p2) and which maps each dart from D, onto an equivalently labeled dart of DQ. A O@L h'(Nd))) E R.
Let us compare the tetrahedra t and t' @gure I) which are represented by the 2-maps m and m' (pgure 2). Accidentally, both polyhedra have the same vertex set V = {a, 6, c, 4, and both 2-maps have the same dart set 1) = {0, 1, 2, 3, 4, 5, 6, 7, 8, 3, 10, I I} . If the natural dart label equivalence relation is the identity relation R,= {(a V) ( v E VJ, there exists no isomorphism mapping m onto m', i.e., t and t' are not equal. However, if the natural dart label equivalence relation was R, = {(v, v) 1 u E v u ((c, 4, (d, c) }, the identity mapping on the dart set D would be an isomorphism that maps T?Z to YFI', i.e., t and t' would be equal.
How to construct the mirror image of a polyhedron
Because of the clockwise convention, inverting the orientation of the faces of a polyhedron amounts to turning the polyhedron boundary inside out and therefore leads to its mirrot image. 
How to determine
;ftwo polyhedra are enantiomorphic Let the 2-maps MI, and Mq represent the polyhedra P and Q, respectively. P and Q are en.antiomorphic if and only if there does not exist an isomorphism which maps MET' onto M,n (i.e., P is chiral) and if there exists an iso--morphism which maps M,' onto MQ (i.e., the mirror image of P and Q are equal).
It can thus be shown (using the 2-maps m. im and m' in figure 2) that the tetrahedra t and t' in jgure 1 are enantiomorphic.
Conclusions
2!-Dimensional maps are a simple topologybased model providing a uniform representation for convex polyhedral and polygonal stereogenic entities (a polygon can be considered as a degenerate polyhedron which has two faces but no interior). Their scope is easily extended by including into the dart labels information about relative lengths of polyhedron edges ('vertex ti is closer to vertex b than to vertex c') and relative sizes of angles ('Labc is smaller than L&-d, but it is approximately the size of dab'). This is necessary to distinguish regular from irregular polyhedra (e.g., stereogenic entities of the allene type or arising from atropisomerism in biphenyls may be represented using an irregular tetrahedron).
The Z-map representation of stereochemistry describes explicitly the relative spatial arrangement of the atoms of a stereogenic entity and therefore allows to perform full structure search as well as substructure search in chemical databases. Algorithms have been implemented which determine the equivalence of stereogenic entities, construct the mirror image of such an entity, and determine if two entities are enantiomorphic.
Recognition of stereochemical relationships (&ham, syn-/antiperiplanar, +/-synclinal, +/-anticlinal) has also been implemented.
